





COMPARISON OF TWO STATISTICAL METHODS TO ADDRESS MISSING ACCELEROMETER DATA 






Jose Santos Lopez 
 
 
A paper submitted to the faculty 
of the University of North Carolina 
in fulfilment of Undergraduate Honors Thesis 








 Approved by: 
  
  





Reader, Jianwen Cai, PhD 
 
 















TABLE OF CONTENTS  
I. INTRODUCTION 2 
II. METHODS 4 
III. RESULTS 12 
IV. DISCUSSION 15 
V. APPENDIX 17 
VI. ACKNOWLEDGEMENTS  24 
VII. REFERENCES  25 




Opposed to children and adolescents of different ethnicities and or races, 
Hispanic/Latino youth are at a higher risk for illnesses attributable to obesity. Across a span of 
ages 2 to 19 years, children ages 6 to 11 years and adolescents ages 12 to 19 years have 2.29 
times the odds and 2.82 times the odds of obesity, respectively, compared to children ages 2 to 
5 years.1 Further, Hispanic children/adolescents have 1.48 (1.23-1.78, 95%CI) times the odds of 
obesity compared to Non-Hispanic white children/adolescents. 1 Of concern is that obesity 
during childhood and adolescence creates a precedent for obesity in adulthood.2 
There is some existing research which has investigated physical activity (PA) and 
sedentary behavior (SB) in Hispanic/Latino youth that corroborates Hispanic/Latino youth 
engaging in below recommended amounts of PA. For example, when compared to non-Hispanic 
youth, researchers have shown that Hispanic youth take part in less physical activities.3  
Comparable to other large studies with accelerometer data, in SOL Youth there are large 
amount of missing data, which may result in biased accelerometer PA and SB estimates if there 
are distinct differences between children with accelerometer data and children with missing 
accelerometer data. Based on the Hispanic Community Health Study/Study of Latinos’ 
(HCHS/SOL) Ancillary Study of Latino Youth’s (SOL Youth’s) accelerometer collected data, a 
complete case analysis (CCA) – analysis of cases with non-missing data – of accelerometer data 
yielded the overall mean PA in minutes per day by intensity as: 178.9, light; 25.4, moderate; 
and 10.2 vigorous adjusted by accelerometry wear time.4,5 Physical Activity Guidelines for 
Americans 2nd Edition recommending 60 minutes of moderate-to-vigorous exercise.6 The 
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overall wear time adjusted mean SB was 604.6 mins per day, where higher levels of SB was 
observed among older individuals (age 15-16 year range in this case).5 
In this paper, we aim to use data from the HCHS/SOL’s SOL Youth to assess whether 
there are differences amongst the estimates of PA and SB utilizing two different methods to 
address missing data compared to complete case analysis (CCA) (restricting analysis to 
observations without missing data). The two methods explored in this study are multiple 
imputation (MI) and inverse probability weights (IPWs).7,8 We will compare the results between 
these two methods treating PA and SB as either outcomes, main exposures of interest, or as 
covariates, to evaluate the benefits and drawbacks of the approaches to addressing missing 





HCHS/SOL is an ongoing and the largest multi-site community-based prospective cohort 
study of Hispanic/Latinos in the United States (N=16,415), where participants ages 18-74 years 
were enrolled from 2008 to 2011 at the Bronx, Chicago, Miami, and San Diego study sites. 9 The 
study aims to be the basis for the development of innovative hypotheses and research that will 
lead to findings that will improve the health of the Hispanic/Latino community. 
 SOL Youth is an ancillary study to HCHS/SOL with a total of 1,466 children ages 8-16 
years old recruited from 2012 to 2014 – all children of at least one parent participating in the 
HCHS/SOL.4 The study aims to assess how acculturation, family behaviors, and psychosocial 
factors associate with youth's lifestyle behaviors and cardiometabolic risk factors. An 
approximately 3.5-hour clinical examination, included questionnaires, anthropometry, blood 
collection, and wearing a physical activity monitor for 7-days. The study was approved by the 
Institutional Review Boards (IRBs) from all participating institutions. All study parents or 
guardians gave written informed consent for children 12 years old or younger, and children 
older than 12 years old gave assent. 
Data Measures 
The primary measurement of physical activity and sedentary behavior was collected 
over a week using an Actical accelerometer (version B-1; model 198-0200-03). Specifically, 
participants were asked to go about their lives normally wearing the accelerometer above the 
iliac crest secured to a belt, removing only when swimming, showering, and sleeping.5 The unit 
counts were derived by accelerations detected and converted by the device over 15-second 
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epochs (intervals). SB and moderate to vigorous physical activity (MVPA) were defined as 
follows: sedentary, <18 counts/15 seconds, and moderate to vigorous, ≥441-872 counts/15 
seconds – based on a prior calibration study.10 The measures of interest in this study are total 
counts per day, minutes of MVPA per day, and minutes of SB per day. In our case, missing 
accelerometer data can arise in one of two ways: (1) participants do not return the Actical 
accelerometer, and (2) participants did not meet the criteria of having eight hours or more of 
wear time for at least three of the seven days. Such criteria and specifications are typical of 
defining valid days of accelerometer data and the minimum number of valid wear days required 
during the period of data collection.11 In conjunction, returning the accelerometer and having 
eight hours or more of wear time for at least three of the seven days will constitute adherence 
in this paper. On the basis that children were expected to be sleeping, counts from 12am to 
5am were excluded, while non-wear time outside the specified interval was defined with Choi’ 
algorithm.12 The algorithm specifies that consecutive zero counts for 90 minutes or more 
constitutes non-wear time, allowing for up to two minute intervals of nonzero counts given 
there was a 30-minute upstream and downstream of consecutive zero counts. 
Self-reported physical and sedentary behavior were asked using a SOL Youth designed 
physical activity questionnaire to measure the frequency of 68 activities.5 Response options 
were never, one to two times per month, one to two times per week, three to four times per 
week, five to six times per week, and daily. The activities used in our analysis include transport, 
sport, leisure non-sport, school, screen time (a summation of all screen related activities in 
minutes), and household (a sum of time spent on child care, indoor chores, and outside chores).  
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Acculturation was defined by the Acculturation, Habits, and Interests Multicultural Scale 
for Adolescents (AHIMSA) which includes 5 groups: assimilated, separated, integrated, 
marginalized and unclassified.13 Immigration generation and child language preference were 
also included to gauge acculturation. 
The 5-level body mass index (BMI) group variable used is based on percentiles 
respective of a child’s age and the child’s actual BMI to distinguish between 5 groups: 
underweight (BMI <5th percentile), normal weight (BMI-84th percentile), overweight (BMI 85-
94th percentile), moderate obesity (BMI >95th percentile and BMI < 35), and severe obesity (BMI 
>95th percentile and BMI ≥ 35).14 We further consolidated the variable to 4 levels — combining 
underweight and normal weight groups. Additionally, an obesity binary variable was created 
where being obese encompasses those classified as moderately and severely obese and non-
obese encompasses the underweight, normal weight, and overweight. 
Dyslipidemia was defined as having adverse levels of lipids indicated by a total 
cholesterol ≥ 200 mg/dL; low-density lipoprotein cholesterol (LDL-C) ≥ 130 mg/dL; triglycerides 
≥ 150 mg/dL; or high-density lipoprotein cholesterol (HDL-C) ≤ 40 mg/dL.15,16 Each of the 
corresponding measures (total cholesterol, LDL-C, triglycerides, and HDL-C) were processed via 
blood samples at a central laboratory (Fairview Laboratories, University of Minnesota) using 
common practices.15 
Demographic covariates used included 4-level age (8-10, 11-12, 13-14, and 15-16 years 
of age), gender, 7-level Hispanic/Latino background classification (Central and South American; 
Cuban; Dominican; Mexican; Puerto Rican; mixed; and other), and 3-level annual family income 




SAS software version 9.4 (SAS Institute Inc., Cary, NC) was used for all analyses, which all 
incorporated sampling weights, stratification, and clustering to account for the HCHS/SOL and 
SOL Youth complex survey design. To begin, we compared those who adherent versus 
nonadherent using the Wald Chi-squared test for categorical variables and t statistics with 
regards to the difference of the domain means for sociodemographic and acculturation 
characteristics, health characteristics, and self-reported physical activity. 
The two methods explored in this study to account for missing data are MI and IPWs. 
We compare the results between these two methods creating PA and SB as either outcome 
variables (dependent variable), main exposures of interest (independent variable), or 
covariates. We determined the variables that would be used for IPW and MI through bivariate 
analyses and literature review.15,17,18,19,20,21 
Multiple Imputation of All Data 
To adjust for missing and incomplete accelerometer data using multiple imputation, 
fully conditional specification (FCS) was used.6 Ten imputed complete datasets were created 
using SAS PROC MI with the FCS method including accelerometer variables, self-reported 
physical activity, socio-demographic and acculturation characteristics, and health 
characteristics (Supplement Table 1), and the sampling weights and stratum to account for SOL 
Youth’s complex survey design. Site was not included the FCS models because stratum is 
formed by crossing site, high/low proportion if Hispanic/Latinos and a high/low socioeconomic 
status from census tracks in the target areas. We specified logistic regression models for binary 
or ordinal variables, the discriminant method for nominal variables, and linear regression for 
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continuous variables. For the accelerometer variables we included minutes in sedentary, light, 
moderate, and vigorous not including any variables that could be derived from these variables 
like MVPA and hours of wear time per day. Then, following imputation MVPA (min/day) was 
calculated by adding minutes in moderate and vigorous activity. Accelerometer wear time in 
hours per day calculated as the sum of sedentary (min/day), light physical activity (min/day), 
moderate physical activity (min/day), and vigorous physical activity (min/day) divided by 60. 
Concerning multiple imputation as the method for addressing missing data, 34.8% (N=510) of 
participants had at least one missing value for any of the respective variables listed in 
Supplement Table 1. However, only 8.6% (N=2266) of the total individual values (1466 
observations multiplied by the 18 variables with at least one missing value) were imputed, 
where each imputed dataset has 1,466 observations. 
Inverse Probability Weighting Derivation with Multiple Imputation of Covariates 
To adjust for missing and incomplete accelerometer data using inverse probability 
weighting, participants who meet adherent criteria were weighted by the inverse of their 
probability of being adherent. We fit a logistic regression model to estimate the probability of 
adherence (i.e., returning the accelerometer and having 3 or more days with a minimum of 8 
hours/day wear time – yes or no). 
However, 13.4% (N=196) of participants had at least one missing covariate value for any 
of the respective variables listed in Supplement Table 1 not including accelerometer variables 
and the indicator variable of accelerometer data being collected on at least one weekend day. 
Thus, predicted probabilities could not be predicted for participants with at least one missing 
covariate value. To obtain predicted probabilities for these individuals multiple imputation was 
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carried out first to have complete covariate data. Specifically, five imputed data sets were 
generated using SAS PROC MI FCS method – only assuming there is a joint distribution for all 
variables used. Included in the FCS models are age, gender, BMI, annual family income level, 
background, ethnicity identity, child language preference, acculturation, immigrant generation, 
dyslipidemia, self-reported physical activity, and to account for the complex survey design we 
included the sampling stratum, and sampling weight. Again, site was not included as it would 
only provide redundant information being part of stratum. We note that despite 196 
participants having missing information that only 1.3% (N=228) of the total individual values 
(1446 observations multiplied by 12 covariates with at least one missing observation) were 
imputed. 
Concerning the logistic regression model that will predict the probability of adherence, 
convergence issues due to insufficient cells counts were avoided as we only included pairwise 
interactions for the variables gender, BMI, age, ethnicity score, annual family income, language 
preference, AHISMA, immigration generation, dyslipidemia and all self-reported physical 
activity and sedentary behavior. Numerous models were evaluated by including different 
combinations of covariates and their two-way interactions for optimal fit and convergence. The 
final model had reasonable prediction properties as indicated by the averaged C-statistic of 
0.79 across the five imputations. We then fit a logistic regression model for each of the 5 
imputed datasets and average linear predictors of adherence to obtain a single mean predictor 
that is used to calculate the IPW that is multiplied with the HCHS/SOL Youth sampling weight to 
obtain the new sampling weight accounting for missing accelerometer data. 
Complete Case Analysis 
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To create our basis for comparison with MI and IPW we conducted the analyses ignoring 
missing data (N=1,104) which is known as complete case analyses. 
Comparison procedure 
CCA and the two methods for addressing missingness (MI and IPW) were implemented 
in three different scenarios for how accelerometer data can be used for cross sectional analysis 
of various questions of interest: (1) accelerometer variables as outcomes and 4-level BMI 
grouping as main exposure variable of interest, (2) accelerometer variables as the exposures of 
interest on the effect on obesity, and (3) dyslipidemia as an outcome, BMI as the exposure of 
interest while adjusting for accelerometer variables (Figure 1). Exploration of these scenarios 
are later used to evaluate the ease and difficulties of applicability for other HCHS/SOL’s SOL 
Youth investigators. 
Accelerometer data as outcome of interest 
For illustration purposes, we assessed the cross-sectional association of BMI group with 
accelerometer data (SB min/day; MVPA min/day; total counts per day) using linear regression 
models adjusting for covariates. Specifically, we fit three models. The minimally adjusted model 
adjusted only for study site and accelerometer wear time; model 1 further adjusted for sex and 
age; and model 2 further adjusted for annual family income and immigration generation. 
Accelerometer data as main exposure of interest 
We estimated the association of accelerometer data (SB min/day; MVPA min/day; total 
counts per day separately) with obesity using logistic regression models. The minimally adjusted 
model adjusted only for study site and accelerometer wear time; model 1, further adjusted for 
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sex and age; and model 2 further adjusted for annual family income and immigration 
generation. 
Accelerometer data as covariate 
We estimated the association of the 4-level BMI group on dyslipidemia adjusting for 






In the SOL Youth study (N=1,466) there was approximately 25% missing accelerometer 
data because only 1,238 participants returned the accelerometer, and of those, just 1,104 met 
the adherence criteria (≥ 3 days each with ≥ 8 hrs/day wear time). 
Table 1.1 presents socio-demographic characteristics, anthropometrics, and 
dyslipidemia overall and by adherence to protocol. With a specified significance level of 0.05, 
we observe no indication of significant differences between adherent and non-adherent 
children except for study site (p-value 0.008). Among adherent children, 29.9% were from San 
Diego site, whereas San Diego children comprises 46.0% of the non-adherent. Overall, 51.2% of 
the children were girls, 80.9% preferred English as their first language, 48.5% integrated, 39.7% 
assimilated, and 11.8% separated or marginalized. Although not significant, there were modest 
differences for annual family income by adherence. Among adherent children, 55.0% have an 
annual family income of less than $20,000, whereas among non-adherent children only 45.7%. 
Table 1.2 presents self-reported physical activity by adherence. There are no differences by 
adherence for minutes/day of screen time, nor for times per month spent on activities involving 
physical activity, like spots/exercise, leisure non-sport, school, household, and transportation. 
Accelerometer data as outcome of interest 
Regression coefficient estimates and standard error for the association of BMI group 
and accelerometer data sedentary behavior (min/day), MVPA (min/day), and total counts per 
day analyzed using CCA, IPW, and MI are shown in Table 2. Sedentary behavior (min/day) tends 
to be greater for moderately and severely obese compared to normal weight across all models, 
and differences between CCA, IPW and MI estimates tend to be larger for the minimally 
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adjusted model compared to the adjusted models. Standard errors decrease when adjusted 
models are used, without notably differences between the standard errors of the two adjusted 
models. MVPA (min/day) and total counts per day are lower for overweight moderately and 
severely obese compared to underweight & normal weight, although not significant. Regarding 
the methods of addressing missing data, we observed similar regression coefficient estimates 
for model 2 except for estimates for overweight participants which show some difference 
between IPW and MI estimates. 
Accelerometer data as main exposure of interest 
Odds ratio estimates and 95% confidence intervals (CI) of obesity for a 10 and 60 
min/day increment of SB and MVPA are shown in Table 3, using CCA, IPW, and MI. Given that 
an increment of only one minute in activity is not relevant, we decided to present the OR for 
two meaningful increments of time (10 minutes and one hour). There are null differences in the 
OR estimated by CCA, IPW, and MI. In the adjusted models, the odds of obesity are larger when 
time in sedentary behavior is longer. For example, the odds of obesity are 1.3 times more for 
every hour of sedentary behavior in the fully adjusted model (model 3) using CCA, IPW, and MI. 
In the case of MVPA, the odds of obesity are lower when time in MVPA is longer. For example, 
when using model 1 with multiple imputation, the odds of obesity are 0.37 times less for every 
hour of MVPA in the full adjusted model. 
Accelerometer data as covariate 
Odds ratio estimates and 95% confidence intervals (CI) of dyslipidemia by BMI group 
adjusting for SB min/day, wear time and other covariates are shown in Table 4, using CCA, IPW 
and MI. Odds of dyslipidemia are greater for moderately and severely obese compared to 
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underweight, normal weight, and overweight across all models. For model 2 we observed 
similar IPW and MI odds ratios estimates and in contrast, IPW and MI odds ratio estimates 
differ in unadjusted model and model 1. For example, model 1 are 14.4 (95% CI: 7.1, 29.3) and 






In our study, we saw differences in SB and PA adjusted means estimated using CCA, MI or IPW, 
despite study site being the only statistical difference between those with and without 
accelerometry data. Regarding SB and PA as the main exposure we found that odds ratios 
estimates for obesity were similar across all models and usage of CCA, IPW, and MI. However, 
for SB and PA as covariates, we found differences between IPW and MI in the minimally 
adjusted model and model 1, but not in model 2 which further adjusted for income and 
nativity. Thus, model misspecification may be an issue as implementing IPW and MI should 
yield similar results. 
Because IPWs can be created once and distributed to all investigators, its ease of 
implementation proves more advantageous given that HCHS/SOL has a complex survey design 
and investigators must use sampling weights in the analyses anyway. IPW adjusted sampling 
weights such that those adherent children represent all children in the target population. In 
contrast when using multiple imputation, it must be carried out by investigators each time in 
correspondence to their aims to align the covariates in the imputation model to the ones in the 
outcome model. When investigators are not necessarily trained to conduct multiple imputation, 
the method may prove to be cumbersome and leave investigators less inclined to address data 
missingness. 
Strengths of the study include exploring two modes of addressing missing data and its 
discussion of which is easier to implement use. Furthermore, we used a rich and diverse sample 
consisting of individuals from four US urban areas, which can be weighted to reflect the 
underlying target population. 
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Nonetheless, there are also limitations that should be considered. Primarily that the study 
compared CCA, MI, and IPW on a specific data set, where we do not know the truth. Moreover, 
when the results from the different analysis methods are dissimilar, we do not know which is 
closer to the truth. Further evaluation is needed by conducting simulation studies, where we 
know the underlying truth, and can compare the performance of these methods. Another 
limitation is that we only used one definition of adherence (i.e., at least three days each with 8 
hours of wear time). For example, adherence could have been defined by requiring more 
number of wear days or including a weekend day. 
In conclusion, further research is needed to better understand whether general 
recommendations could be made on which method to use to account for missing 




Figure 1 Statistical Analysis Approach Graphic 
  













N = 1104 
Non-adherent 
(failed to return or 
<3 adherent days) 
N = 362 
P-value 
Weighted %  
(95% CI) 
Weighted %  
(95% CI) 
Weighted %  
(95% CI) 
Gender 
  Male 728 51.2 (48.0, 54.4) 50.1 (46.4, 53.9) 54.0 (47.3, 60.6) 0.335 
  Female 738 48.8 (45.6, 52.0) 49.9 (46.1, 53.6) 46.0 (39.4, 52.7)  
Age, yrs 
  8-10 494 32.4 (29.5, 35.4) 33.9 (30.5, 37.4) 28.4 (23.0, 34.5) 0.194 
  11-12 350 21.8 (19.0, 24.9) 22.4 (19.5, 25.6) 20.2 (14.8, 27.0)  
  13-14 371 22.3 (19.9, 24.9) 21.3 (18.7, 24.2) 24.7 (19.7, 30.5)  
  15-16 251 23.6 (20.6, 26.9) 22.4 (19.0, 26.2) 26.7 (20.8, 33.5)  
Language of preference 
  English 1175 79.5 (75.5, 83.0) 80.9 (76.5, 84.7) 75.8 (67.9, 82.2) 0.208 
  Spanish 287 20.5 (17.0, 24.5) 19.1 (15.3, 23.5) 24.2 (17.8, 32.1)  
Body mass index 
Underweight & Normal 
Weight 749 53.2 (49.6, 56.8) 52.4 (48.2, 56.6) 55.2 (48.8, 61.4) 0.352 
  Overweight 305 20.1 (17.5, 22.9) 21.3 (18.2, 24.7) 16.9 (12.8, 21.9)  
  Obese 262 16.8 (14.5, 19.5) 16.1 (13.4, 19.1) 18.8 (14.3, 24.2)  
  Severely Obese 150 9.9 (8.1, 12.2) 10.2 (8.1, 12.9) 9.2 (5.8, 14.3)  
Obesity Status 
  Obese 412 26.7 (23.8, 29.9) 26.3 (22.9, 30.0) 28.0 (22.2, 34.5) 0.650 
  Non-Obese 1054 73.3 (70.1, 76.2) 73.7 (70.0, 77.1) 72.0 (65.5, 77.8)  
Dyslipidemia 
  Yes 327 21.6 (19.1, 24.5) 20.1 (17.4, 23.2) 25.7 (20.2, 32.1) 0.101 
  No 1088 78.4 (75.5, 80.9) 79.9 (76.8, 82.6) 74.3 (67.9, 79.8)  
Generational Status 
  1st (Foreign-born)  290 19.1 (16.2, 22.3) 17.7 (14.8, 21.0) 22.7 (16.4, 30.6) 0.386 
  2nd (U.S.-born)  928 64.1 (60.2, 67.8) 65.7 (61.1, 70.1) 59.9 (52.5, 66.9)  
  3rd+ (U.S.-born) 224 16.8 (13.8, 20.3) 16.6 (13.2, 20.6) 17.4 (12.5, 23.6)  
Annual family income 
  <=$20,000 750 52.4 (47.6, 57.2) 55.0 (49.7, 60.2) 45.7 (36.9, 54.7) 0.110 
  $21,000-$40,000 457 31.7 (27.7, 36.1) 29.2 (25.0, 33.8) 38.3 (30.5, 46.7)  
  >$40,000 210 15.9 (12.8, 19.5) 15.8 (12.4, 19.9) 16.1 (9.7, 25.3)  
AHISMA 














N = 1104 
Non-adherent 
(failed to return or 
<3 adherent days) 
N = 362 
P-value 
Weighted %  
(95% CI) 
Weighted %  
(95% CI) 
Weighted %  
(95% CI) 
  Assimilated (US) 624 39.7 (36.2, 43.3) 40.2 (36.4, 44.1) 38.2 (31.7, 45.2)  
 Separated 
 or Marginalized 167 11.8 (9.7, 14.3) 11.8 (9.5, 14.5) 11.9 (8.1, 17.0)  
Site 
  Bronx 422 35.9 (31.7, 40.3) 37.5 (33.0, 42.2) 31.7 (24.7, 39.6) 0.008 
Chicago 372 16.2 (13.5, 19.2) 18.1 (14.9, 21.9) 11.0 (7.6, 15.5)  
Miami 263 13.6 (11.0, 16.7) 14.5 (11.6, 17.9) 11.3 (7.5, 16.8)  
San Diego 409 34.3 (29.5, 39.5) 29.9 (25.3, 35.0) 46.0 (37.0, 55.3)  
Background 
Central and South 
American 180 10.0 (8.0, 12.4) 10.2 (7.9, 12.9) 9.6 (6.6, 13.8) 0.937 
  Cuban 103 5.4 (4.0, 7.2) 5.8 (4.3, 7.9) 4.3 (2.3, 7.6)  
  Dominican 167 12.8 (10.2, 15.9) 13.0 (10.1, 16.5) 12.4 (8.5, 17.9)  
  Mexican 648 46.4 (41.6, 51.1) 46.0 (40.8, 51.3) 47.2 (39.5, 55.1)  
  Puerto Rican 128 9.5 (7.4, 12.1) 9.1 (7.0, 11.9) 10.3 (6.8, 15.2)  
  Mixed 160 9.6 (7.5, 12.2) 9.7 (7.4, 12.7) 9.2 (5.1, 15.9)  















Mean (95% CI) 
Adherent 
(>=3 adherent days) 
 
Mean (95% CI) 
Non-adherent 
(failed to return or <3 
adherent days) 
Mean (95% CI) P-value 
Screen activities (TV, video, 
computer, phone), min/day 
1393 476 (451, 500) 469 (445, 493) 493 (438, 548) 0.4114 
Household activity, 
times/month 
1455 20 (18, 21) 20 (18, 21) 20 (18, 23) 0.7455 
Sports/exercise activity, 
times/month 
1463 197 (186, 207) 198 (185, 210) 194 (172, 216) 0.7870 
Leisure non-sport activity, 
times/month 
1463 88 (85, 90) 88 (85, 92) 85 (79, 91) 0.3514 
School activity, 
times/month 
1463 48 (46, 49) 48 (46, 50) 46 (43, 50) 0.2699 
Transportation activity, 
times/month 












Table 2. Regression Coefficients Estimates (Standard Error) for the Association between BMI and Accelerometer Outcomes, SOL Youth 2012-2014. 
  Minimally Adjusted Model 1 Model 2 
































































































































































































































































































* Minimally Adjusted: Outcome = 4-Level BMI + Site + Hrs/day monitor worn 
* Model 1: Outcome = 4-Level BMI + Site + Hrs/day monitor worn + Age + Sex 





Table 3. Odds Ratio (95% CI) for the Association between Accelerometer Sedentary Behavior and MVPA with Obesity, SOL Youth 2012-2014. 
  Minimally Adjusted Model 1 Model 2 
































































































































* Minimally Adjusted: logit{Obesity} = Accelerometer exposure + Site + Average Hrs/day monitor worn 
* Model 1: logit{Obesity} = Accelerometer exposure + Site + Average Hrs/day monitor worn + Age + Sex 
* Model 2: logit{Obesity} = Accelerometer exposure + Average Hrs/day monitor worn + Age + Sex + Site + 3-Level Annual Family Income + Nativity 
 
Table 4. Odds Ratio (95% CI) for the Association between BMI and Dyslipidemia, SOL Youth 2012-2014. 
 Minimally Unadjusted   Model 1 Model 2 
BMI Group CCA N=1104 IPW N=1104 MI N=1466 CCA N=1104 IPW N=1104 MI N=1466 CCA N=1104 IPW N=1104 MI N=1466 
Under / normal 
weight (REF) 
1 1 1 1 1 1 1 1 1 
























































* Minimally Adjusted: logit{Dyslipidemia} = Sedentary Behavior min/day + 4-Level BMI + Site + Average Hrs/day monitor worn 
* Model 1: logit{Dyslipidemia} = Sedentary Behavior min/day + 4-Level BMI + Site + Average Hrs/day monitor worn + Age + Sex 




Supplement Table 1. Number of Missing Observations for Variables used in Imputation and Inverses Probability Weighting 
 
Covariate Label Scale N N Miss 
GENDER Gender (Male/Female) (Child) Binary 1466 0 
BMIGRP Body Mass Index Percentile Groups (Child) Ordinal 1466 0 
AGE_C4 4-Level Age Groups (Child) Ordinal 1466 0 
BACKGROUND_C7 Background 7-Category Classification (Child) Nominal 1466 0 
AHISMA_C3 AHISMA 3-Categry Classification Nominal 1465 1 
PAE_TRANSPORT Transportation activity, times/mo Continuous 1464 2 
PAE_SPORT Sports/exercise activity, times/mo Continuous 1463 3 
PAE_LEISURENONSPORT Leisure non-sport activity, times/mo Continuous 1463 3 
PAE_SCHOOL School activity, times/mo Continuous 1463 3 
ETHID_C4_QUART Ethnic identity categories based upon variable quartile cutpoints Ordinal 1462 4 
LANG_PREF Language Preference (Child) Binary 1462 4 
PAE_HOUSEHOLD Household activity, times/mo Continuous 1455 11 
IMGEN_PR Immigrant generation (Child) Ordinal 1442 24 
INCOME_C3_PARENTˠ Annual Household Income – Parent Ordinal 1417 49 
DYSLIPIDEMIA Dyslipidemia (Child) (1=Yes, 0=No) Binary 1415 51 
PAE_SCREEN_MIN Screen activities (TV, video, computer, phone), min/day Continuous 1393 73 
WKENDDAY_INCLUDED* Summarized activity includes at least one adherent weekend (1=Yes, 0=No) Binary 1238 228 
CNTS_MIN_DAY* Counts/min (average) per day monitor was worn Continuous 1104 362 
SED_DAY* Min/day (average) of sedentary activity (<17 counts/15 sec) Continuous 1104 362 
LIGHT_DAY* Min/day (average) of light activity (18-440 counts/15 sec) Continuous 1104 362 
MOD_DAY* Min/day (average) of moderate activity (441-872 counts/15 sec) Continuous 1104 362 
VIG_DAY* Min/day (average) of vigorous activity (>=873 counts/15 sec) Continuous 1104 362 
 * Variables excluded from multiple imputation for inverse probability weighting 
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